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Abstract 
The release of volatile compounds from food matrices is governed by kinetic and thermodynamic phenomena. 
Intrinsic properties of the food matrix, extrinsic factors (temperature, pressure)  as well as the interaction with non 
volatile compounds in the food matrix are involved in both the release rate and the aroma concentration in 
equilibrium. The objective of this study was to investigate the influence of the composition (i.e. gelling agents - 
gelatine, starch pectin- and sugars) on the release and sensory perception of aroma compounds from candy model 
systems added with a standard strawberry flavour. Model candies were prepared by using gelatine gelatine and starch, 
starch and pectin (P). All samples were added with the same concentration of a strawberry aroma (0.25%db) and with 
the exception of Aes, all models, after setting, were dried under the same process conditions and stored in HDPE bags 
until analysis. Evaluations of the release of aroma compounds under equilibrium conditions were carried out by Head 
Space Gas Chromatography and Electronic Nose both on the model candies and the same submerged in water to 
mimic the dissolution in the mouth. The kinetics of the aroma release from the models during dissolution to reach the 
equilibrium were also investigated. Sensory evaluations and mechanical analyses under standardised procedure were 
also carried out. The partitioning of strawberry aroma compounds from the candy model systems at equilibrium in the 
head space was highly affected by the gelling agent type and sugar content. The affinity of the aroma compound for 
the biopolymer/s of the candy model system and structural properties are implied in the different release in the vapour 
phase of EA (more polar) and EH (more apolar). The kinetics of the volatiles release from the candies in water varied 
depending on the aroma nature and the physical properties of the systems as affected by the gelling agent 
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1. Introduction 
The release of volatile compounds from food matrices is governed by kinetic and thermodynamic 
phenomena [1]. Thermodynamic factors determine the partitioning of volatiles between the food and air 
phases under equilibrium. The kinetic factors influence the rate at which equilibrium is achieved [2]. 
Intrinsic properties of the food matrix, extrinsic factors (temperature, pressure)  as well as the interaction 
with non volatile compounds in the food matrix are involved in both the release rate and the aroma 
concentration in equilibrium.  
Hydrocolloids and polysaccharides are widely used in the food industry as thickeners, stabilizers and 
gelling agents in various products including ice cream, sauces, jellies and confectionery products [3, 4].  
Gummy candies are confectionery products and their texture is achieved by using various gelling 
agents such as gelatine, starch and pectin; the most important ingredients from a quantitative point of 
view are however the sweetener agents i.e. sucrose, glucose and corn syrups [5] while aromas are 
generally added to give peculiar sensory attributes to this kind of food commodity. 
Increasing amount of hydrocolloids in a food matrix has been shown to increase the thickness of the 
product associated to a reduction of the perception of flavour that partly could be related to specific 
interactions among the aroma compounds with the matrix, that decrease the partitioning and partly to an 
increased resistance to the mass transport and diffusion of the volatiles from the food into the air phase 
that, in turn depend on structural properties and the viscosity.  
In sugar confectionery sweeteners play a major role in affecting not only the sensory properties of the 
product but also the textural properties of the hydrocolloids matrix, the viscosity of the aqueous phase and 
the water activity, all factors that may affect the release and partitioning of aroma compounds [6]. Widely 
used are corn syrups or glucose syrups formed by a more or less complete hydrolysis (whose degree is 
described in terms of Dextrose Equivalent, DE) of starch leading to mono-and oligo-saccharides. They 
contain thus also large molecules and have viscosity properties different from sucrose.  
Limited are the studies carried out to understand the flavour release and aroma partitioning in gummy 
candies [3, 5] while there is a lack of information on how the variation in the composition of the gummy 
candy can affect the perceived flavour. Furthermore, the understanding of the mechanism involved in the 
breakdown of the food matrix and the related flavour release is of utmost importance for the food industry 
interested to develop and design products with specific target sensory attributes.  
The objective of this study was to investigate the influence of the composition (i.e. gelling agents - 
gelatine, starch pectin- and sugars) on the release and sensory perception of aroma compounds from 
candy model systems added with a standard strawberry flavour. The partitioning and release kinetics of 
selected aroma compounds analyses were carried out on both the gummy candies and the same included 
in water under agitation conditions to mimic the dissolution of the product in the mouth. 
2. Materials and Methods 
The following model candies were prepared in lab scale according to recipes mimicking those used for 
commercial products: gelatine (G), aerated gelatine (GA), gummy gelatine (Ggo), gelatine and starch 
(GA), extruded starch (Aes), pectin (P). All samples were added with the same concentration of a 
strawberry aroma (0.25%db) and with the exception of Aes, all models, after setting, were dried under the 
same process conditions and stored in HDPE bags until analysis.  
Moisture was determined by gravimetic method at 100 °C, saccharides analysis by HPLC method; 
water activity by a Aqualab dew-point hygrometer.  
Evaluations of the release of aroma compounds under equilibrium conditions were carried out by Head 
Space Gas Chromatography (HS-GC, (PerkinElmer, model AutoSystem XL, Boston, MA, USA) 
connected with a FID detector; a capillary column MegaWAX (PerkinElmer, Boston, MA, USA; inner 
diameter: 250 μm; length 25 m; particle size: 0,1-0,15 μm) was used; The gas carrier was H2 with a 
pressure of 14 bar. Run conditions were as follows: 40°C for 2 min. and an increase of 5°C·min-1 until a 
final temperature of 55°C. Compounds identification was carried out for comparison with standards. 
Measurements  were done in triplicate.  
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Among the 16 volatiles of the strawberry flavour, 4 out of them were selected (ethyl hexanoate-EH, 
ethyl butyrate-EB, methyl cinnamate-MC, ethyl acetate-EA) to represent volatiles with different polarity. 
In Table 1 are reported some chemical and physico-chemical properties of the chosen volatile 
compounds. 
Table 1: Chemical and physico-chemical properties of the chosen volatile compounds. 
Aroma compound 
Psat * 
(Pa,
25°C)
Solubility
(g/L, a 25°C, in 
H2O)
Log P 
oct/w
Tboiling
(°C)
Ethyl Acetate -EA 12,236 75,00 0,73 77 
Ethil Butyrrate – EB 1,596 5,60 1,80 120 
Ethyl Hexanoate EH 0,133 0,52 2,80 108 
Metyyl Cinnamate - 
MC 6,266 Insoluble 2,18 
261-262 ° 
C
Electronic nose (EN) measurements were carried out by using an equipment based on a an array of 
eight quartz microbalances (QMB) functionalized by solid state layers of metalloporphyrins [6]. A 
sampling protocol of candies headspace was designed. A 250 ml flask was filled with one candy sealed 
and kept at 37°C in order to allow for a stable headspace composition. The headspace was extracted by a 
constant flow of pure dry air and carried into the electronic nose sensor cell using a dry air flow to clean 
the sensors establishing the reference signal. Sensor signals were calculated as the resonant frequency 
shift between the two steady conditions corresponding to sensors exposed to pure dry air and to the 
sample diluted in nitrogen. 
Compression measurements were carried out by using an Instron dynamometer (mod. 5542 Instron 
Universal Testing Machine, Wycombe, UK), fitted with a 66 mm diameter cylinder steel probe at a 
constant speed of 0.42 mms-1  until compression was 25% of the initial height of the sample. From the 
force deformation data, the true stress-strain curve was derived its slope used to determine the value of 
the Young’s modulus of elasticity (E, N/m2).
Flavour intensity evaluations under standardised procedure were carried out by a panel of 10 trained 
judges. The evaluation (1-7 points scale) involved three steps: (1) flavour perception at nose of the head 
space of a candy poured in a glass container hermetically sealed; (2)  after introduction in the mouth and 
dissolved with saliva for 10 s; (3) after chewing 5 times.  
3. Results and Discussion 
The candy model systems differently prepared are characterised by a moisture content in the range of 
16.9 %(Gar) and 23.2 % (GA), while Aes, due to the different process and drying conditions showed the 
lowest moisture content (12.0 %).  
The recipes of the gummy candies under investigation include the use of sucrose and different 
quantities of glucose and corn syrup that are implied to the diverse saccharides composition in the final 
products.  
The use of different hydrocolloids and sugars affected significantly the textural properties (p< 0.05). In 
general candies made with gelatine resulted particularly rigid, in particular those prepared by mixing 
starch (GA) that showed the highest Young’s modulus; on the contrary, samples prepared with pectin 
resulted the less rigid and easy to deform. 
The partitioning of strawberry aroma compounds from the candy model systems at equilibrium in the 
head space was highly affected by the gelling agent type and sugar content.  
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In Fig. 1, the ratio of the GC area of EA, EB, EH and MC in the model systems to the GC area of the 
same compound in the pure strawberry aroma is reported and used as index of the retention volatile in the 
matrix. Taking into account the ethyl esters series independently from the hydrocolloid used to prepare 
the candies values of the ratio < 1.0 were determined to indicate a retention effect due to the matrix; 
meanwhile at increasing molecular size and hydrophobicity and (EA<EB<EH) of the volatile compounds 
a higher retention occurred (Boland, 2006). This behaviour could be due to interactions of various nature 
between the aroma compounds and the biopolimers in the candies; specific affinity for starch, gelatin and 
pectin for volatile esters has been widely determined by several authors [7] 
Table 2: Composition of the gummy candies (% tq): mean values of moisture (CV< 2%), saccharides (CV<3%), 
acidity (CV<3 %) and Young’s modulus of elasticity (E). 
Candy samples 
G Gar Ggo  GA AEs P 
Moisture (%) 19,74 16,9 17,08 23,2 12,5 19,47 
Saccharides (% 
tq) 42,56  43,84  61,16  49,33  47,28  65,45  
Fructose 0,18 0,6 0,57 0,58 1,4 1,74 
Glucose 10,32 10,21 1,72 8,88 15,28 11,94 
Sucrose 21,18 22,4 28,8 24,86 15,04 34,68 
Maltose 5,52 5,57 20,13 10,12 11,52 12,53 
Maltotriose 5,36 5,06 9,94 4,89 4,04 4,56 
Acidity
(%, citric acid) 
1,1 1,1 1,1 1,1 1,4 1,5 
aw 0,646 0,616 0,534 0,696 0,489 0,595 
E (N/m2)
28,9 ± 
0,9 18,9 ± 0,9 50,3 ± 13,0 96,5 ± 16,9 51,7 ± 11,2 7,6 ± 0,3 
A different behaviour was observed in the case of MC that in the gummy candies showed a retention 
index > 1, to indicate a enhanced release and only in the case of the samples prepared with pectin and 
gelatine –starch a value d 1 was observed. This could be due to its limited solubility but also to a “salting 
out” effect induced by the sugars in the candies [8, 9].  
Electronic Nose analysis was carried out on the vapour phase of the gummy candies under the 
standardised procedure described in Materials and methods; principal component analysis (PCA) was 
then carried out to discriminate between groups of signals and, thus between different samples. 
Meaningful difference was observed among all the gummy samples; in particular P and GA signals 
resulted located in opposite regions and thus inversely correlated (data not shown). 
The kinetics of the volatiles release from the candies under dissolution conditions in water varied 
depending on the aroma nature and the physical properties of the systems as affected by the gelling agent. 
This experiment was carried out to mimic the dissolution of a candy in the mouth due to the saliva. In 
Figure 2 the variation of the GC area of the aroma compounds in the head space of P and GA candies as a 
function of the dissolution time are reported. 
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Fig. 1. Ratio of the GC area of EA, EB, EH and MC in the headspace of candy models differently prepared to the GC area of the 
same compound in the pure strawberry aroma  
The slope of the GC change has been used as index of the aroma release from the candies under 
dissolution in water. For all the volatiles under study, a lower release rate occurred from the starch-
gelatine (GA) model systems while the highest occurred from pectin- and gelatine- based candies. These 
latter results are in agreement with the mechanical properties (Table 2) as the more rigid and firm candy 
(GA) showed the slowest aroma release among the samples under investigation..  
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Fig. 2. Change of GC area of EA, EB, EB and MC in the headspace above P and GA candies under dissolution in water as a 
function of time 
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Fig. 3. Intensity of strawberry flavour of differently prepared gummy candies perceived at nose, in mouth, upon saliva dissolution
and after chewing  
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Sensory analysis was carried out by a trained panel to determine the intensity of the strawberry aroma 
of the gummy candies differently prepared at nose, in mouth under saliva dissolution and after chewing 
and the results are reported in Figure 3.  
No significant differences in the intensity of the strawberry flavour at nose and under saliva dissolution 
in the mouth of the different candies were determined with the exception of the P that showed a 
significant (p<0.05) higher perceived intensity both under saliva dissolution and after chewing. This 
result is in agreement with the kinetics of the aroma release determined by GC analysis during the 
dissolution of the candy in water and seems to be related to the less firm mechanical properties exerted by 
the candies made with pectin, more prone to break and favour aroma release and perception.  
4. Conclusion 
Composition, type of biopolymers and physical properties affect the retention of the aroma compounds 
in the candies and their release when dissolved in water.  
The experimental approach and the results of this study  could be useful to understand the mechanism 
involved in the breakdown of the candies and the related flavour release and, in turn, to develop and 
design products with specific target sensory attributes  
References 
[1]  Voilley A, Souchon I. Flavour retention and release from food matrix: an overview. In Voilley A., Etievant P. (Eds.) Flavour 
in foods. Cambridge: Woodhead Publishing Ltd; 2006; 117 – 132. 
[2] de Roos K.B. Physicochemical models of flavour release from foods. In Roberts D.D., Taylor A.J. (Eds.) Flavour release.
ACS Symposium Series 763, Washington, DC; American Chemical Society, 1994; pp. 126-141. 
[3] Boland A.B., Buhr K., Giannouli P., van Ruth S. Influence of gelatine, starch, pectin and artificial saliva on the release of 11 
flavour compounds from model gel systems. Food Chem, 2004; 86, 401-411. 
[4]Doublier J.L., Cuvelier G. 1996. Gums and Hydrocolloids: functional aspects. In Eliasson A.-C. (Ed.), Carbohydrates in 
Food. New York:Basel, Marcel Dekker, pp. 283-318. 
[5] Lubbers S., Guichard E.. The effects of sugars and pectin on flavour release from a fruit pastille model system. Food Chem 
2003; 81, 269-273. 
[6] Santonico M., Pittia P., Pennazza G., Martinelli E., Bernabei M., Paolesse R., D’Amico A., Compagnone D., Di Natale C.. 
Study of the aroma of artificially flavoured custards by chemical sensor array fingerprint. Sensors and Actuators B. 2008; 133 345–
351.
[7] Boland A.B., Delahunty C.M., van Ruth S.M. Influence of the texture of gelatine and pectin gels on strawberry flavour 
release and perception. Food Chem, 2006; 96, 452-460. 
[8] Friel E., Linforth R.S.T., Taylor A. An empirical model to predict the headspace concentration of volatile compounds above 
solutions containing sucrose. Food Chem, 2000; 71, 309-317. 
[9] Delarue J., Giampaoli P. Carbohydrate-flavour interactions In Voilley A., Etievant P. (Eds.) Flavour in foods. Cambridge: 
Woodhead Publishing Ltd, 2006; pp.208-228. 
Presented at ICEF11 (May 22-26, 2011 - Athens, Greece) as paper FPE500. 
